The integration of hepatitis B viral sequences in the human hepatoma Alexander cell line has been investigated after fractionation of the cell line DNA by centrifugation in a Cs2SO4/BAMD (3,6-(bisacetato mercurimethyl) dioxane) density gradient. Eight out of nine integrated viral sequences were localized in DNA component H3, which only represents 4% of the human genome and matches the base composition of HBV sequences. These results indicate a targeting and/or a higher stability of the latter in a specific, small compartment of the host genome.
INTRODUCTION
The genome of warm-blooded vertebrates is strongly compartmentalized in that most of it is a mosaic of very long (>200 Kb) DNA segments, called isochores, that are fairly homogeneous in base composition, belong to a small number of major classes distinguished by different GC levels, and seem to correspond to Giemsa and Reverse chromosomal bands. The families of DNA molecules derived from such classes can be separated and used to study the genome distribution of any sequence which can be probed. This approach has revealed (i) that the distribution of genes and families of interspersed repeats is highly non-uniform in the genome; and (ii) that the GC level of coding and noncoding sequences, the GC level of third codon position and the CpG level (and therefore the level of potential methylation sites) are linearly correlated with the GC levels of the isochores harbouring the sequences under consideration (see ref. 1 
for a review).
When the compartmentalized genome organization of warm-blooded vertebrates was discovered, the question was asked whether the integration of viral sequences was random, as generally assumed, or "targeted" towards one or more isochore class(es). In the latter case, an Nucleic Acids Research interesting possibility was considered to be that of an integration targeted towards isochores matching the base composition of the viral sequences. Indeed, it had been realized that the base composition of mouse aand B-globins matched that of the large DNA segments in which these genes were embedded (2) .
Previous results from our laboratory (3) showed that the integration of bovine leukemia virus (BLV) sequences does take place in DNA molecules having a buoyant density close to 1.708 g/cm3 and representing less than 15% of the bovine genome. These results were the first demonstration of a non-random integration of viral sequences into the genome of the host cell. At that time, it was not possible, however, to decide whether integration had occurred in the bovine satellite DNA having a buoyant density of 1.709 g/cm3 and representing 4.5% of the host genome or in a major component having a density of 1.708 g/cm3 and representing 9% of the genome (4) (5) (6) . Moreover, no conclusion could be drawn on the possibility of a compositional match between the viral sequences and the host sequences harbouring them, because the GC content of the BLV genome was not yet known.
The idea of DNA sequence integration targeted towards isochores of matching base composition was, however, supported by the localization of specific families of repeated sequences, which were known to be mobile in the genome and also to change in copy numbers from one species to another (7) (8) (9) .
In the present work, we have investigated this problem by localizing hepatitis B virus (HBV) sequences in the human hepatoma PLC/PRF-5 cell line (10) . We have found that 8 out of 9 integrated viral sequences are located in GC-rich isochores which belong to a component, called H3, only representing 4% of the human genome, and characterized by a 52% GC level and a 1.712 g/cm3 buoyant density (1, 11) . The base composition of the H3 component is close to that of HBV DNA (48.8% GC) (12) .
MATERIALS AND METHODS Cell culture
The PLC/PRF-5 cell line derived from primary liver carcinoma (10) was kindly provided by Dr. P. Tiollais (Institut Pasteur,Paris, France). Cells were grown in Dulbecco's modified Eagle's medium (Flow Laboratories S.A., Puteaux, France) supplemented with 10% fetal calf serum and 2mM L-glutamine.
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DNA preparation and fractionation
Confluent cells from 10-15 flasks of 175 cm2 (Falcon Labware, Becton Dickinson, Grenoble, France) were removed by treatment with trypsine/EDTA (Flow Laboratories), washed with sterile PBS (phosphate-buffered saline, 4.28 mM K2HPO4 ,0.71 mM KH2PO4,150 mM NaCI, pH 7.4), and resuspended in 5 ml cold (40C) TE (10 mM Tris/HCI pH 7.5, 1 mM EDTA) and used for DNA preparation essentially according to the detergent method (13) . DNA from human placenta was from a previous preparation (14) and had an s value of 32S. The size of DNA molecules in preparations obtained from cell culture was higher than 40 Kb as estimated by electrophoretic mobility.
Fractionation by preparative centrifugation in Cs2SO4/BAMD (3,6bis(acetatomercurimethyl) dioxane) density gradient and analytical density gradient centrifugation were carried out as described (11, 15) . Restriction endonuclease digestion and hybridization DNA was digested with restriction endonuclease (Hind Ill, Hpa 11, Msp I) using the experimental conditions suggested by the manufacturer (Boehringer Mannheim, FRG). DNA samples were electrophoresed on 0.8% or 2.0% horizontal agarose gels in 8.9 mM Tris, 8.9 mM H3BO3, and 2.5 mM EDTA, pH 8.3. After alkali denaturation, DNA was transferred to nitrocellulose filters (Schleicher & Schull, Diessel, FRG; BA 83 for Hpa 11 and Msp I digests, BA 85 for Hind 111) as described (11, 15) . After overnight transfer, filters were rinsed briefly in 3xSSC (standard saline citrate: 150 mM NaCI, 15 mM sodium citrate, pH 7) and heated at 800C for 2 hours. Prehybridization was carried out at 650C for 3 hours in plastic boxes in 3xSSC, 0.1% SDS (sodium dodecyl sulphate, Sigma, St. Louis, Mo.), 5xDenhardt's solution (Denhardt's solution contains 0.02% each of polyvynil-pyrrolidone , bovine serum albumin fraction V and Ficoll; Sigma, St. Louis, Mo.) and 0.1 mg/ml denatured salmon sperm DNA. Overnight hybridization was done in the prehybridization solution supplemented with the 32P-labeled probe (100 ng, specific radioactivity= 8x108 cpm/4g DNA). HBV DNA and the 6 Kb Hind Ill fragment from the PLC/PRF-5 cell line were isolated from plasmid pCP9 (16) , obtained from Dr. P. Tiollais, and from phage ALl (17), obtained from Dr. K. Murray , respectively, and then labeled by nick-translation (18) . Filters were first washed in 3xSSC, 0.1% SDS, then in 1.OxSSC, 0.1% SDS, dried and exposed to X-ray film in the presence of intensifying screens at -700C for 1-7 days.
RESULTS
In order to characterize the isochores carrying integrated viral sequences, DNA extracted from PLC/PRF-5 cells was fractionated by centrifugation in a preparative Cs2SO4/BAMD density gradient ( Fig.  1A,B ). CsCI analytical density gradient centrifugation was then performed on DNA fractions in order to determine their buoyant density (Fig. 1C ). The fractions were digested with restriction endonuclease Hind Ill, electrophoresed on 0.8% agarose gel, denatured and transferred on nitrocellulose filters. Nine specific HBV sequences were detected (Fig. 2 ) by hybridization with a 32P-labeled HBV DNA probe, as expected (17, 19) . Eight out of the nine HBV sequences were found in fraction 8, which is GC-rich, but rather heterogeneous in composition (Fig. 1C ); two of these sequences also gave weaker hybridization bands in fractions 5-7. The ninth sequence was essentially present in fractions 2 and 3, corresponding to DNA molecules having a modal buoyant density very close to 1.700 g/cm3. This sequence was identified with a sequence which has been previously cloned together with cellular flanking sequences as a 6 Kb Hind Ill fragment (17) .
The centrifugation conditions used in this first experiment provided a good resolution of GC-poor, but not of GC-rich DNA. To achieve a better resolution of the molecules contained in fraction 8, a recentrifugation step was used (see Fig. 3A -C); this yielded subfractions reaching a buoyant density of 1.715 g/cm3. Hybridization of the HBV probe with Hind Ill digests of these subfractions ( Fig. 4 ) revealed that HBV sequences were mainly present in fractions 3-5, with a maximum in fraction 4 (buoyant density = 1.7108 g/cm3). Thus the isochores harbouring these integrated HBV sequences correspond to the previously described component H3 (1, 11) .
The presence of an integrated HBV sequence in the GC-poor isochores could represent an exception to a general "rule", according to which a mobile DNA sequence is "targeted"' to a DNA isochore of close composition (see Introduction). Since both viral and host sequences apparently contain deletions and rearrangements near the integration sites (17) , it is possible, however, that the original integration had taken place on a GC-rich segment and that subsequently this segment had been translocated in a GC-poor region. In order to determine the origin of the sequences flanking the viral sequences, we hybridized the cloned 6 Kb Hind Ill fragment (17) , containing the HBV sequences and Nucleic Acids Research Na2B407, pH 9.4 at 300C, at an rf=0.14 as described (11, 15) . Hybridization was darried out with 32P-HBV DNA labeled probe as described in the Materials and Methods section. After hybridization, filters were washed first in 3xSSC, 0.1% SDS and then in 1xSSC, 0.1% SDS at 650C. containing fragments as well as on two other restriction fragments having sizes of 2.8 and 1.9 Kb, respectively, both of which were localized in the GC-poor fractions of the genome. These two fragments were also seen in the normal human DNA (Fig. 5B ). When the stringency of hybridization was relaxed two more fragments were seen having sizes of 1.8 and 1.5 Kb in both hepatoma DNA (Fig. 5A ) and normal DNA (not shown). These sequences did not originate, however, from the GCrich fraction of the genome. Fig. 3 . The experiment was performed as described in Fig. 2 , but using only 2.5 9g of Hind Ill digested DNA from each fraction.
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The methylation pattern of viral sequences present in fractions 2 and 8 from the preparative gradient of Fig. 1 was investigated by digestion with the restriction endonucleases Hpa 11 and Msp I (the recognition sequences is CCGG for both enzymes, but Hpa 11 does not cleave it, if the internal cytosine is methylated). Hybridization conditions were those of the experiments of Fig. 2 Fig. 1 
DISCUSSION
The main aim of this work was to investigate the problem of the "random" versus "targeted" integration of viral sequences into the compartmentalized genome of warm-blooded vertebrates. As already mentioned, our previous results on the integrated BLV sequences (3) had indicated a "targeted" integration towards GC-rich segments of the host-cell DNA. The subsequent determination of the base composition of viral sequences (20) had indicated a good match with the base composition of the host sequences harbouring them, in agreement with similar conclusions drawn on the integration of mobile repetitive sequences (7) (8) (9) .
Hybridization of the HBV probe with the fractionated DNA from the PLC/PRF-5 cell line shows that 8 out of the 9 fragments carrying HBV sequences are actually harboured by 1.711 g/cm3 isochores, while the 9th fragment is located in a 1.700 g/cm3 DNA molecule. Thus, most of the HBV sequences are found preferentially integrated into chromosomal regions whose base composition (51% GC) is close to that of the viral DNA (49% GC). The H3 component of the human genome, in which the HBV sequences are preferentially integrated, only represents about 4% of the total DNA (1, 11) . The report that flanking cellular regions of integrated HBV DNA contain highly repeated sequences and in particular Alu repeats (21) can now been understood, since this kind of repeats is particularly concentrated in the GC-rich isochores of the human genome and is probably responsible, at least to some extent, for the formation of the H3 component, which does not exist in some mammalian genomes, like the mouse genome (1, 11, 15) . Incidentally, since some repeated sequences may preferentially bind BAMD under certain Lf conditions (15) , the points just mentioned may help in understanding the fact that two HBV-carrying fragments (10.7 and 1.9 Kb) are also seen in GC-poorer fractions in the experiment of Fig. 2 , but not in that of Fig. 5 .
It is of interest to note that not all 8 viral sequences found in the 1.711 g/cm3 fraction may be considered the result of independent integration events (17, 21, 22) . Indeed, it is likely that HBV DNA, once integrated into the cell genome, has been involved in phenomena like amplifications, translocations and deletions; the 10.5, 10.7 and 17.8 Kb Hind Ill fragments are possible examples of these events (22) . In this context, an important point shown here is that whenever translocations occurred, they took place within the same isochore class. In other words, both integration and translocation events seem to be "targeted". Targeting of viral sequences towards host genome compartments having similar base compositions has also been recently found in our laboratory for mouse mammary tumor virus (MMTV) sequences. In this case the sequences are GC-poor and are preferentially integrated into GC-poor compartments.
The presence of the 6 Kb Hind Ill fragment in a 1.700 g/cm3 isochore leads to the conclusion that "targeting" of viral sequences towards isochores of close base composition should not be considered an all-ornone phenomenon. In fact, the "preferential targeting" seen here is compatible with the idea that integration may even be to some extent non-specific, but that the stability of integrated sequences may greatly depend upon the match in base composition with the harbouring isochores.
An obvious question concerns the possibility that functional properties of integrated viral sequences, and in particular their transcription, depend upon their localization in the host genome. An attempt to obtain some information on this point was done here by studying the methylation pattern of integrated sequences, a point of special interest in view of the abundance of CpG doublets in the H3 compartment (1). In the PLC/PRF-5 cell line, it is known that the core antigen genes are methylated (19) ; this is confirmed here separately for genes located in both types of integration loci. In contrast, genes for the surface antigen in some cases are not methylated (19) ; this is also confirmed here. Our results indicate in particular, that the surface antigen gene is located in a methylated fragment in the case of the sequences integrated in fraction 2, suggesting a possible correlation between integration loci and methylation for the segments containing the surface antigen.
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Another point deserving comments is that the PLC/PRF-5 cell line does not express the core antigen, but expresses the surface antigen. While the possibility of a correlation with the methylation pattern is not ruled out, an alternative explanation of this phenomenon could be that the promotors are deleted or otherwise inactivated possibly in correlation with the genome localization of viral sequences.
Finally, the very recent report of HBV DNA integration in a sequence homologous to v-Erb A and oestrogen receptor genes in a hepatocellular carcinoma (23) is of great interest in connection with our work. Indeed, the 1370 nucleotides v-Erb-A sequence has a GC level of 69% (24) and the 1800 nucleotides oestrogen receptor gene has a GC level of 57% (25) . These data strongly suggest that the insertion locus investigated in that hepatoma is also very high in GC, and that HBV integration has occurred, in that case too, in the H3 compartment of the human genome.
